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EARLY "DISCOVERER" TO 


The first of the Discoverer davies, an agena with no 
- payload, aborted on the pad on the day of launch. Due to a 
vehicle sneak circuit, the separation retro rockets and ex- 
Plosive bolts fired when a hydraulic motor was exercised at 
T-60 minutes, causing fireworks on the pad. 


The second agena (Discoverer No. 1) made orbit rebruaxy 
28, 1959, although in radio silence. Speculation at the time 
was that the protective nose cone over the antennas was ejected 
just before the agena firing and the agena then rammed into the 
nose cone and damaged the antennas to the point where no radio 
contact was made. Orbit was confirmed by radar skin-track. 


The first pacuverauie type Discoverer pay load consisted 
of a bio-medical capsule containing four live mice. The capsule 
itself was similar to our present ones, although smaller. On 
the first try at launch, the mice were dead as indicated by 
telemetry. At first it was thought that they were asleep, so 
a cherrypicker was sent up and a technician banged on the side 
of the vehicle in an attempt to wake them up. Catcalis and 
meows were used to no avail. It was later found that the 
mouse cage had been sprayed with krylon to make it smooth; 
but the Krylon had chipped off the screen, the mice found 
it tasty and that ended that. 


The second try several days later was almost aborted 
when the capsule life-cell humidity sensor suddenly indicated 
100% humidity, out-of-band on T/M. Panic prevailed until the 
humidity then gradually crept down to a normal level. On © 
evaluating the trouble, it was found that the humidity sensor 
is located right under the cage when on the pad and that a 
mouse merely did what comes naturally, but when the moisture 
dried out, all was nowgevens and it was launched -- into the 
ocean. | : 


At the ins istence of the SPCA, it was , decided not to use 
live mice again until the orbit and recovery systems had been — 
perfected, so the next Discoverer had four "mechanical" mice, 
merely small transistorized multivibrators to give a T/M 
readout, with simulated life-support systems. This capsule 
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made orbit, but due to an orbit timer problem, it was ejected 
over the North Pole and came down in the snow near Spitzen- 

bergen, off Norway. It is felt that recovery functions 
occurred, but the capeule was never retrieved - by America. 


This payload was also distinguished by a notable member 
of our A/P facility - Harvey Boissier. It was desired to 
develop a system whereby our doors could be hidden from 
inquisitive eyes during the time our payload was on the pad. 
The Fairing was covered with paper, under which were two 
pieces of piano wire with ping-pong balls attached, with the 
idea that hopefully the wind caused by liftoff and launch 
would blow the ping-pong balls to the rear and the wire 
would tear the paper off, exposing the Fairing. 


To test this concept, a test Fairing with paper, ‘eines 
pong balls and all, was mounted on a sports car and was 
driven up and down Bayshore at 90 per. This was quite a 
spectacle and attracted the attention of the local Gendarmes, 
who ticketed the driver. 


On launch day, Harvey had the honor of attaching the 
balis to the top of the payload. Can you imagine how silly 
he. felt at 2 a.m. on a foggy cold morning, with searchlights 
blazing and blockhouse TV watching, as he attached the ping- 
pong balls on a million dollar satellite? While this was es 
happening, the whole missile started to erect and Harvey, for. 

a moment, had the uncanny feeling he was going into orbit. 


Anyway, it was launched, without Harvey, and the paper | 
never came off. For alli we know, the two ping-pong balls | 
are still in orbit. 


, Then came the era of disappoinment “= our "C" instrument 
either did not work, did not go into orbit, or the capsule was 
not recovered. It is interesting to note the frustration that 
followed Discoverer 3 when the instrument worked all the way; 
but no recovery. rt | | 


It was about this time in the course of “witch hunts” to 
locate our problems that it was felt the Fairing Interface was 
heating up during ascent. It became Frank Watson's chore to 
devise a Fairing cooler. Frank had a water receptacle installed 
around the leading edge of the Fairing, the idea being that the 
the would boil cueing ascent and ene steam would carry away 

e heat. 
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In order to contain the water and prevent sloshing, 
Frank wanted something absorbent, soft and easy to work. © 
Kotex fulfilled these requirements so Frank bribed Ethel 


'- Jackson to get some for him. 


The reservoir was filled using a large hypodermic | 
needie through the small external holes. Of course this led 
to tricks and Harvey Boissier again:-entered the picture. 

He rigged up a display for visiting VIP's, so that to satisfy 
their desire to touch the hardware they could use the hypo- 
dermic to squirt water in, but it squirted right out again 


through anoter hole, to the embarressment of a drenched VIP. 


Remember 1054, Discoverer X, the first payload recovery? 
A perfect launch, but the Thor fishtailed and was destructed 
at 10,000 feet. The payload came down about a mile from Pad 
5, and was located by helicopter, which landed payload people 
to guard it and render the pyrotechnics safe. Recovery was 
made by Jeep, rather an unauspicious ending for a reconnaissance 
payload. | | 


It was decided that Discoverer XII was to be a "@iagnostic" 
capsule, loaded with instrumentation and telemetry to tell us 
what was happening. It went into the ocean. 


Discoverer XIII is famous. It was another diagnostic | 
capsule and it worked all the way. Its capsule now reposes 
in the Smithsonian Institute, Washington, D.C., as the first 
object to be recovered from orbit. It was later determined _ 
that our capsules were being destroyed by explosions of small 
rockets used for spin and despin. Starting with Discoverer 
XII, our present cold-gas spin and despin system was inaugurated, 
and several successful recoveries ensued. 


Discoverer XIV was a "C" inet cumene and the mission was 
completely successful, ending with 20 pounds of payload air- 
snatched on August 19, 1960. The spell had been broken; our 
project was on its way to the success it is today. 
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First Recovery from Space 
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. Table 1- 1. _ - Operating Characteristics 


Configuration of cameras 
Film 


Filter 
Lateral angular coverage _ 
Forward angular coverage 


Overlap 
Format size 
Film capacities 
_ Cycle rate 
Maximum cycle rate at v/a - 0.043 
Dynamic resolution 


Relative humidity environment 


Temperature environment 
(lens cell) 


Pressure environment 
Power consumption/camera 
System life 


24-inch focal length, t/ 3.5 Petzval 
30-degree convergent stereo | 
Type 3404 thin-base 70-millimeter _ 


film (former designation 4404) | 


Wratten 21 or 25 
710 degrees (+35 degrees) 
5 degrees 15 minutes (at format 


- center) 


10 percent (at format center) 


2%, by 294, inches 


M System - 15,600 + feet 
J System - 31,200 + feet 


2.15 to 6.0 seconds/cycle | 
2.15 seconds | 


Exceeds 130 lines per millimeter 
at 2:1 target contrast — 


60 percent maximum | 
10 + 10°F 


1*x 10-'to 1 x 107° a 


500 watts 


. $0 days 





Table 1-1 — Summary of Physical Features and Operational Parameters 


Physical Features 


Configuration 


Lenses 


Film capacity 


Film size 
Usable format 


Power 


Weight (empty) 
Weight (with film) 
| Cycle period | 
Exposure time 
Overlap 

Filter 


Operational Parameters 


V/h range 
Altitude 


Cross-track coverage per frame — 


Along-track coverage per frame 
Total along-track coverage 
Total operating time 


30-degree convergent stereo panoramic | 
cameras oe | 


' 24-inch focal length, f/3.5 Peteval design 


15,750 feet of 70-millimeter, 3. O-mil, 
polyester -base film per camera 


$1.632 x 2.754 inches 
29.323 x 2.147 inches 
1620 watt-hours (24 vdc, unregulated, at 


2.5 radians per second) 


270 watt-hours (115 vac, 400 cps, at 


2.5 radians per second) 


Approximately 437 pounds 
Approximately 597 pounds 


1.5 to 4.2 seconds per cycle 


Variable 


Fixed at 7.6 percent 


Variable (2 position) | 


0.0525 to 0.021 radians per second 
80 to 200 nautical miles 

116 to 290 nautical miles 

7.73 to 19.38 nautical miles 


41,167 nautical miles at 80-nautical mile altitude 
169 minutes at 80-nautical mile altitude 
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2 Pes t Cuaracteristios me = a = _ 
“< " Be Operational ground eeesiuttan capability of 3 ts 's feet or ‘better at 
; a 7 7 : high and 231 contrast, respectively, from 140 n; miles including | r | 
: . a - degradation due to uncompensated Anige motion and vehicle stabilisation. 
7" i : | : | residuals, Cmaps mic resolution test specification - 80 ea AMAR 
ae @ 2:1 contizast_ on 80-132 using MIL-STD-150A. “Scale 1/120,000. . 
b. . Altitude - System. specifications are for orbits Fst the altitude range : ; - * 
a. . over ‘target from #0 to 175 nautical miles. The date readily | | 
\ | 7 | soconmodates elliptical orbits permitting versatile iota use. - ; 
Design ‘altitude ~ 110 n, miles. | 
_ ce Orbit Life - h days ~ selected targets on command - ground selectivity . 
| of 5 alternate prograns. oe 
d. Coverage ~ 42.3 nautical mile swath width at 120 nautical miles over = 
22° panoramic scan, Fornst 4.5 x 25 inches. About 3,600 photos each : 
7.5 Xx 42.3 nautical miles or approximately aaa aaa square neutical 
a niles, vertical coverage at 110 n. miles. - 
: | Ce bens: diffraction limited, 66" £/5, Lens-film resolution with $0-132 | 
: 100 1/mn AWAR at 2:1 contrast. 175 1/m AWAR at high contrast - 160 
: ‘los. _ | , _ 
f. Mirror ~ 264" diameter beryllium - O lbs. 
ge Film - Capacity - BD dss, corresponding to 8,000 feet of 5" 3-mil 
_ Estar filn. 
he. Overlap - Minimum 10% npainal at nadir maintained for full v/h range. 
: i. Stereo - ‘% 15° fore and aft. 30° convergence. i 
oe a de Exposure - Exposure selectable by inserting one. of. ten fixed slits, 
. : 2 as prior to’ Launch Providing V5 to “WYAs00 second, L exposure at nomial - : | 
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vee | ‘filas at any tine | of 3 year, . OO oo a, ee aes ee saat 
: 2 ke Filter | - - Wratten a. | or ee ee eine : 


ode Fila type - 90-130, 80-206, or 80-132 10 may by used Sepa on 
ee = - mission requirenent S0-132 galt ground. 41mina tion greater then | 
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, ; 3 = : 2,800 ft-candles corresponds to colar altitude greater than 22° or : a a | 2 
cs - asec: Launch corresponds to apr 10 to Septeaber 5 for 35°. to, le oe - 

: | ‘ 15° north Latitude, 80-206 will increase Latitude to 8e° or cover o oa od 
7 sme latitutes as 132 for 9 addtt toned wooks at adlight penalty.in e, 


nage quality. Yer solar altituie less than 22°, 80-206 for merinising z :. eas 
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% m IMC - - oe and oyaling rate are variable. proportional to Whin | . ‘a ig 
the range of 0208 to O58 rad/sec ¢ Sorresponding to cycling rate ef Z . of q 
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panoramic scanning is accomplished, . Thi camera accomplishes a stereo | ct : 
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¢ ar ty at * techniques including extremely Low friction to redioe the power ee 
| SO : for panoranie scanning. To nest precize De, ‘the ‘sean velocity is - —o- | 
a : , controlled by a high performance drive using e preci sion AC pen ‘ 
= 9, Pe. tarquer viich eliminates direct mechanical coupling. The: focal. 4 aoe : 
| ‘ as rns stutter driven by a high sccurey ocean coupled | to the Lea * a ; 7 
: 5 = Structure - The sine ts seni-moiocoque nagaesion for nacisn | oo : PS, : 
, a righdsty per unit wet ght incorporating ‘aint fittings for: maxim . : a | 
“strength to weight where required. The camera is mounted inthe ae " 
| | vehicle by. a single mounting flange i the 0.0. offering high 2: { ofl ; 
3 resi stance to. "wehiole structural and terial. tresses on the ie “s eee | 
SO The strupture siaats of three parte Borted ‘together at the main . ee 
a mounting flange’. The aft nes thon condi the lens, mirror, and all: aa 
electronics necessary for their! operation. The inner-tube euppeirts - a if 
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vibraticn and thermal isolation, mie outer tae supports the film - es 
trandport” ‘ayoten, ana all electronics’ ‘necessary for its operation. Tap 
. three ssctions may bereadily and quickly i sagsonbl od to provide : _ cnt 
: sini: to any: pait of the camera systeni. : thet etructures are 3h : acca 
. produced by use of special jigs and “tithes during manufacture Leth 
; such ‘that a ‘structural section is irbsrchangesble with the mating . OMe = 
: section of any cother structure, This feature. facilitates ease. ‘and ds Be os 
repidity of doth assenbly and field operations ° | ; Be: 
Ls. Electronics Configuration - The amplifiers und control eirouitry. RE ; 
of the camera are built-in plug-in easily replaceable modules. . ae 
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_» May be read by human or each ine: 
= | - , 7 at | Time to 1/100 second ~ 29 oe [ 
| Scan Velocity Error, 10% | 
‘Stereo Mirror Position ee 
Fold Steeritg Position ‘ Avie (Neo mation 
ne? 3 Stellar/Index Cauezes - Stellar and index Cameras are coordinated 
| with Pan photograshy, to provide ‘attitude, ’ cartographic » and . 
position information, The ‘stellar and index cameras operate 7 | = 


to expose 1 frame for every 10 paneramic franes providing 
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of | 55% overlap. These nay be overated independent of the panoramic, . : 
a and both have 100 frame capacity. 7 
Index Camera e 38 mm £/1.5 - 24x 2t inch format on 70 mm film. 
-~ Stellar Camera - 85 am t/i. 9 approximately. l-inch circular 
format on 35mm film. 
ae aes Spe cial, Handling ae : 








fost rw 6 ete 2 ww 


+" 


or ae sen aee-¥ — ~~ 11 SOTA COTES Cette. Fae ete OF + mee ee wt neh eee mame cme Or 6s ee n 15 eee wight Ce mae eo ow : 


DRAFT 


7 History of Resolution Testin in the Field | 


The original concept for the C and C' program included dynamic resolution 
tests at A/P and VAFB using portable collimators. The VAFB tests were | 
| eliminated due to unstable dolly mounting of the system resulting in resolution 
data that was meaningless merative to system eeeibemenee: The VAFB tests 
were eliminated prior to any sucesustil recoveries. 

Resolution test procedures for the C and C' cameras established a 
so called figure of merit'' approximately 20 percent below the values determined 
at Itek-Boston. With the exception of the last few C' units which required major. 
mechanical maintenance in the field no adjustment of the optics was made at the | 
A/P facility. | | 

The C'"' program continued the a collimator concept with a change 
in procedure during the program to nrfsfibcus | tests instead of the " ‘figure of 
merit" determination of performance. Because of inadequacies in the test 
system, determination and confirmation of focus provided more useful data 
than rra ximum resolution figures. | 

A change in test procedures was established for the M program beret | 
on the premise that unknown system effects due to interaction of two instruments — 
may result in some quality degr@dation. A seismic block was installed in 
Waltham with the capability of installqugn and eset vials both instruments 
2 toe (Lo, for? (, during resolution tests. A similar but inadequate 
installation was made at the A/ P, facility to determine complete seta effects. 

Inadeqaucies of the test bed relative to vibration effects, precluded the use 
of "figure of merit” oy maximum resolution data as a criteria for acceptance. 
Resulting data was inconsistent if an attempt was made to compare resolution 
values with that obtained at Waltham. Therefore a thorough focus procedure was 
established with maximum allowable deviation fram Itek -Waltham data 


specified. It may be noted that all M systems were within the specified tolerances. 


. Absolute quality re solution data obtained has not been coreélated with flight performance 
due to some known and/or unknown sjetedie effects that cannot be simulated by 
any feasible type of testing at the A/P facility. The disharmony and time wasting dis- 
cussion resulting from auailty determination tests conducted in the field with 
inadequate simulation of systems effects and comproniising test procedures and 
equipment are not needed in present or future programs. 

If the inkegviGy of an optical system is in doubt as a result of shipping and 
handling, it has not been properly qualified for flight. te the qualification program 
is assumed to be sdaeuate then shipping, handling and test procedures should be 


modified to insure the camera is treated as an optical instrument not as a football. 
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QUALIFICATION 
~ SINUSOIDAL VIBRATION - 
FREQUENCY 7 LEVEL 
5-15 0.13 INCHES, P-P 
15-20 - . 21 g, O-P 
20-400 10 gy O=P 
400-2000 : : 2.1 g, O-P 
LATERAL AXIS FREQUENCY = LEVEL ) 
1162000 0.7 & O-P 


- THERMAL ALTTTUDE 
. CHAMBER PRESSURE 10°? mm HG 
-SYOTIN INTERUAL PRESSURE i0-* mm HO 

SIMULATION Be 0°, 40°, & 70°. 
DURATTOW 14 DAYS - 
LOW TEMPERATURE THST AT 50°F. 
HIGH TEMPERATURE TEST AT 90°F. 

- ‘SYSTEM OPERATIONAL AT HIGH & LOW TRS 
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OR OPTIONALLY _ 7 
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FREQUENCY 
600-2000 ore /eee . 4.1 g FMB 


~ THERMAL ALATTUDS _ 
CHAMBER PRESSURE 107-mnliG 
BIMULATION B°=0 Bea65° 

DURATION 6 DAYS : 
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General Environmental Specification for Agena 


Satellite Progran - 


- Requirement Specification "33" — stoma 
; Corona J Program ae | 


General Specification for Payload Qualification 


and Acceptance 


Test Specification for ree and ‘Qualification 
of J-3 Payload Systems - 4 


DISIC Performance Specification 


Design Control Specification J-3 Panaramic Camera System 


SRV System . Design Specification . | 
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er euitea TON : ACCEPTANCE : ee, 
Sinuacidal Vibration , : ' 
‘Longitudinal Axis | : 
5-15 | 0.38 Inches peak to peak: oes «Tags, 0 - peok.-. : 
15-20 4.0 g's, O-peak 400-2000 - 2.5 g's, 0 ~ peak. ; 
20-400 - 3.0 g's, O-peak | ae . 
400-2000 3.5 g's, O-pesk 
ateral Axes (cps) Level (g's) .. 
11-2000 2.0 


Random Vibration 





Freque Benes (so) De neity (s@/cps) Overall Ac- - Wz | (tia Overall Acceleretion — a 
Regen ee oe) et le) eee ame mae ; aroen 4 
400-2000 0.12 14.5 400-2000 0. 09 13.0 

‘Thermal Altituse 

Vacuun : — (cyclen Lemetts)  Vacuun ‘Temperature (oye lenatic) 

10°7mm Hg ~120 to +250° - 1075mm Hg —-=120 to. +250° 

- Shock — | 

Longitudinal Axis | ._ #3 

Level (g's) Duration (ms) ‘Nusber ( each) - 

15 | 7 6 . er : 3 . ; 
Lateral Axes : ne | Z 
Level (g's) Durstion (ms) | _ ‘Nuaber (each) 

5 «6 a 8. 
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Acceleration 


- Longitudinal Axis ( + indicates cont) 
Level, (g's) Direction 
11.0 + 


15.0 - 
22.0 


Lateral Axes 
Level (g's) Direction 
6. a +. 
8. . 


Load Testing ( Structures) 
0° to 100% load Litt in 5 increments of 
5 to 10 aescns duration. 
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A simplified, graphic analysis technique has been 
developed for the selection and control of the variable 
exposure capabilites. of the. GENE s-systens. ‘The “ypant 
computer peceree produces printed plots which eagles 


yelate ideal camera slit width to orbit time and geographic . 


z ‘position. The technique provides directly observable, Anat = 


' formance of, the panoramic camera exposure control systen. 
Phe display concept is equally applicable to fixed Blit 


systems or to continuously variable slit systems. 
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a ‘ PANORAMIC CAMERAS 


* “ Baltes — . wa 


a Early in the she of the que Progran IMSC ee that a convenient 


means was neéded to relate all of the variables influencing the exposure obtained | 
by a panoramic camera in a non-circular orbit. It was necessary to consider the | 


‘variations in exposure times produced by a fixed slit in a camera subjected to 


constantly changing panoramic scan rates as dictated by the image motion compen~ 
sation requirements. It was also necessary to consider the corresponding variations 


‘in exposure time resulting from the profiles of image illuminance experienced. 
‘Pre-flight slit selection then became a matter of determining what slit size would 


produce the most desirable combination of maximm area-of-interest coverage 


> (properly exposed) and minimm overexposure potential. Of course, no in-flight 
< ‘corrections or modifications to the exposure was possible. 


1 


This waged Keatias for the analysis of exposure for the pancreas cameras was 
“developed by IMSC in mid-1963 as a computerized program with the identifying | 
‘name "XPAN", and bas been the basis for launch time and slit/filter recommende- © 


tions on: all subsequent missions. The output of this original program was limited 

_ ‘to a simple tabulation of the required analytical data. . By using the actual 
orbital characteristics experienced, the XPAN routine has provided a ee 
summary of the mission exposure performance. 


i 


: ine. CR camera system introduced a miltiple-slit variable exposure control. capa- ; 
bility. The control system consists of a series of four discrete slit widths 


‘which are stepped in a pre-flight established time sequence. The exposure control — 
.. ‘timer is activated by stored program commands from the Agena H-timer. Initiation 
_. Of the slit-changing sequence trails the activation by a real-time controlled 

time delay, up to a maximm of 400 seconds. The only other real-time control of. 


the exposure system is the ability to select any one of the four slits in a fixed . 


| 7 mode. A failsafe slit is also provided to probvect against system malfunction. 


This variable exposure feature added en additional degree of complexity to mission 


planning and operations that was beyond the capability of the basic XPAN program. 


.. to analyze efficiently. The selection of slits now involved the new considerations 


- Of time sequence selection and control, and of the dramatic impact on these factors 
' @reated by dispersions in orbital parameters. For efficiency, a fully automated 
'“")! ‘poutine for slit and timing selections was devised, but was found to lack adequate. 
. flexibility for variations to accommodate special requirements, experiments, per- 
- sonal preferences and individual judgement and experience. In addition, the fully. 
"’ automated concept does not lend itself to mission operations support, nor to ready 


visualization of the expected performance and the relative compromises involved. 
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: - also on ic that the graphic a are of much value in 41 Systems 


Pe te iy ‘this apaanen graphic, XPAN ‘teohntque that is described in the following 
‘The niien XPAN program tpi two data forms rs aes condition anevada. The 
”  peference and support information as required. This summary includeé: A) Ground — 
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‘The first attempt to satisfy these inadequacies consisted of expanding the basic _ 


XPAN program to include a graphic presentation of an ideal slit width function for —~ 


full, intermediate and primary processing levels, plotted against orbit time and 


- | corresponding latitude locations. The plots proved to be so convenient for analysis — 
-.. abd. planning, and the exposure performance so apparent from the Visual representa- 


‘tion, that further sophistication of the technique has not been pursued. It has 


aac ae _ 2 ee | 4 





basic orbit, camera and illumination data are summarized in listing form for use as 


velocity and vehicle height with the resulting ground angular velocity (v/h) and 
corresponding values of nominal cycle rate, format ground coverage and exposure time 


achieved with various selected slits; B) Solar azimuth and elevation with corres- | 
. ponding ideal exposure times for each processing level; ani C) The resulting ideal 
'- glit width required to attain the ideal exposure when subjected to the corresponding 

, orbit dynamics - These data are all summarized as functions of latitude. 


a The second output form ig a | graphic representation of ideal slit. width as a. function 
_ Of orbit time. As explained previously, these plots have become the "heart" of the 
_- XPAN analysis technique. ‘The time scale is linear in seconds from the ascending 
' node, with the corresponding latitude ground locations also indicated for ready 


reference. The slit width coordinate is expressed in terms of a “slit-value" (8,), 


_ which is directly analogous to the concept of exposure value (Ey) such that a change 


of 1.0 in Sy represents a change of 1.0 in Ey, which is equal to.a change of one 


“photographic stop".1 ‘he curves plotted in this output form may represent ideal 


slit width functions for one film/filter selection at each of three processing levels, 


- or any three individual combinations of, cee? filters and processing. 


"An exemple of the content and format of these. program output date forms is included 
“. as an appendix to this report. | 


| CALCULATIONS 


‘the calculations Ancludea in the total xXPAN program are very axtennive » end isis too 


complex to discuss in-e brief presentation. It should be sufficient to describe the. 


program in terms of the nature of the various calculations that are performed. 
noe 1. represents & aie ee flow rai slo of the XPAN program calculations. 


2 Le An increase in exposure of one "photographic stop" represents a ‘nae of 160%, 


or twice the exposure. A decrease of one stop is_one~half the original exposure. 


The concept is summarized by the eee E = ae y Where E is exposure and on 
is exposure value. 
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= ‘pasically, the program calculates the tine sechiibe St uroena velocity; Seta) and 
a — elevation and azimuth for the selected ‘orbit, pass, and launch time and date. 


velocity and height are combined to produce the ground angular velocity 


| (v/a) tune function, from which is calculated the corresponding cycle rate which will 


. | “provide proper image motion compensation. Selected slit widths are then used to 


"Caleulate the exposure timed that will be achieved with this profile of computed 


cycle ra teg. The solar elevations are compared with the applicable object bright-~- 
ness model“, and the resulting apparent luminance profile modified ‘by the filn, 


filter and camera characteristics to uce ideal exposure times for each. peoceeerne 
level (primary, intermediate and full). The ideal slit widths are obtained by 
' merely calculating the slit required to achieve the ideal exposure times “= con=- 
‘: strained by the corresponding computed nominal camera scan rates. | 


These calculations are ‘all very straightforward computations. The way of the. 


’ results is dependent upon the form and format of the output data présentation. It 
was found that plots of the ideal slit width were inconvenient in that the photo- 


graphic effects of deviations (over~ and under-exposure) could not be quickly 
quantitized. Since the variations in slit width influence exposure in a logarith~ 
mic manner, it became very convenient. to express the slit width ——. as & 


‘logerithmic function. By maintaining the popular "photographic stop” concept, it 

is possible to express the slit width in a function such that an increase of- 1.0 
- .. -@ivectly corresponds to an increase in E, of ak which is. an to one “etop" ° 
= “This: function a4 be stated by: 


Re os 
¢ 


: — a ™ elit width, inches 


By = "slit value" 


- “Mutoh is pathenatically rr with the familiar expressions 


ifs ='24v 


Bo =e sg ete. : 


- At any aves scan abe (. inches per ‘gecond) in @ given camere configuration, the oa 
relationship ASy = ATy = AE, may be applied. It is therefore possible to. 
--. observe directly the magnitude of over- and underyexposure. deviations that would 
-" “be introduced by a given slit. It mst be cautioned, however, that the difference 


4n the ideal 8, function at two different times in the orbit (or at two different 


“Jatitude locations) does not represent an equal change in BE, except in the occasional 


instances where the camera’ scan rate is unchanged. The awkwardness of transposing 
elit widths to 8, values is more than offset by the convenience and ease of evalua-- 
tion. A given slit will have a constant ii value > and will ee be —— 


by a seater line on the plots. 


2s The object ciaiaindls model is an empirical correlation of apparent object 


luminance as a function of solar elevation. The model currently in use is an 
“overall average, and does not attempt to account for’ season variations, , if aL 
i The model is apertes as sufficient support. evidence is se 
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The XPAN technique of exposure auiyete and evaluation can be applied to all stages 
‘of mission support; a) pre-flight planning and slit selection, b) in-flight opera~ 


oo is accomplished by plotting the selected slit values in their proper timing sequence 
on a transparent overlay, which can’ then be positioned along the abscissa as desired 
- to obtain optimum exposure match. This is the technique employed to identify the 


"| gram commands thet activate the exposure control see timer). 


ease in use, the overlay is indexed to the ordinate (slit value) scale when the 

_ heavy. horizontal reference line near the lower edge of the overlay sheet is super- 
' Swposed directly over the horizontal dotted line immediately adjacent to the time 

- words on the XPAN plots. Horizontal movement of the overlay is acceptable; however, 
' the reference lines must remain indexed at all times. A acale of the real-time con- 


_ selecting changes in delay settings, and for rapid identification of the exposure 
status with previous settings. | 


slit curve represents exposure less than nominal (under-exposure with respect to the 


|, @MMNB/SPECTAL HANDLING 


"EB 606038 
fer py Pkg ng ef fe en ton 
_ llustrated in Figure 2. ‘The. Gata se texan Soe ee 2 examples ee 
a. eee gg Seg 
oo BING THE XPAN PLOTS 


tions evaluation and real-time control, and c) post-flight summary of. photographic 


_’ performance. ‘The entire exposure control system flight requirements are established © 
» With this technique, including provisions for experiments and special considerations. 


Since the abscissa of the XPAN plots is linear in orbit time, it is possible to 


: | oy superimpose the exposure. control system timing sequence directly on the slit function | 


with freedom of movement along the horizontal axis. In practice, this flexibility 


requirements for Brush 51 and 52 H-timer punch locations (these are the stored Pro- 


A typical overlay is included in the appendix with ‘the XPAN output examples. For 


trolled exposure sequence delay ( At ,) is also included on the overlay for ease in 


_" Two other points of sieniFicense mist be emphasized in using these ote: First, it 
:  . gust be kept in mind that over- and under-exposure comparisons must be made only 
. between the ideal slit at some point on the curve and the actual slit alternatives 


at that same point, for the reasons discussed previously. ‘The area above the ideal 


specific curve), and the area below greater than nominal (over-exposure). The second 
point to remember is that increasing slit values (8,) represent decreasing slit - 
widths. The chart shown in Figure 3 provides a convenient and rapid means of relating 


. + 14% width and .61it iat For a more precise conversion, the pertinent relationships 
"Gres ; . a ° ae an . —— Sg oi - 


B, = 1.443 In 1/s (ature logarithm) 
a = 3.322 Log 1/a (Base 10 logarithm) 
7 Ye. = oy | — 
= m1(0.693 8.) (matured. togartthn) 
= Log*(0.301 8) (Base 10 logarithm) — 
(or). 


= tn "(-0.693 8,) = Log” *(-0.301 8) 
“where * a" is sist wiath in inches. 7 
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a iaraiandees of the ‘siege materials included in the sities should make evident 
{the uses of the XPAN technique. the more eommon 5 ia anes aay, be nee, 
ae 4 . described as follows: 


- -Qmte and orbital configuration. Normal selection of slit widths consists 
' . of selecting the 4 values that provide the optimum matching of the appro- 


_-. whlL be operated during the life of the mission. This selection mst: 


_ ‘film loads, or other extraordinary conditions, where applicable. 
B) 
". exposure control system are determined by selecting the timing (within 


- system limitations) of the chosen slit values so as to produce an optimum 
match with the ideal. slit profile. The special provision situations pre- 


-” (Brushes 51 and 52 on the H-timer) are then located appropriately, using | 
_* an initial delay interval ( A-t1, which is real time ome) which 
. | WiLL accommodate all reasonable dispersions. 


; | Mission and to update the control settings as required. This is achieved 
by indexing the overlay along the abscissa a puch that the a t; position in 
effect at the time coincides with the timé location of the SPC Brush ‘Sl. 


.... - System commanded to the zt position now coinciding with the Brush a1 


limits of the At; delay time range. Real time commanding of any of the 
“slits to a fixed position for special .considerations, or for optimum con- 
_ trol at the time, can be evaluated by positioning the various slits on the. 


possible dispersions in launch date and time, and in actual orbit. para- 
meters, most significant of which is perigee location. The slit selection 


but maintaining the base reference indexing).. Fixed slit evaluation can 
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, F 


and slit waded 1s accomplished using neal na | 
Sr orbits’ for input parameters. Initial runs will cover a wide — 
span of launch times, from which is eventually selected the desired time, 
priate ideal slit width profile over the areas in which the instruments 


consider the timing limitations of the exposure control system, and the 





procedure mist also consider provisions for special experiments, mixed 


Requirements for stOred-program commands and timing intervals for. the | 


viously mentioned mst be kept in consideration. The Start commands 


In-flight operations support utilizes real, updated orbit parameters to. 
obtain XPAN plots for the actual conditions being encountered. By utilizing 
an overlay of the actual slit/time selections it is possible to make — 
periodic evaluations of the exposure control performance throughout the . 


Ifa more optimum fit of the selected slits can be obtained by a @ifferent 
At; setting, the overlay is moved horizontally to the best fit, and the 


position. However, it must be remembered that these timing shifts are now 
restricted such that the Brush 51 position mst always appear within the 


overlay in the area of interest (irrespective of the Brush 51 orientation, — 


also be evaluated by drawing a horizontal line corresponding ‘to the appro- a 


| priate slit value through the area interest. 


a p) Post-flight performance evaluation of the exposure control syaten: combines 


the actual orbit parameters and command history with the slit/time settings 


.and stereo program to graphically depict the exposure history experienced. 
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SUMMARY 





Though not highly sophisticated, the XPAN perme for exposure mises for the 
_CORONA system panoramic cameras is very effective in achieving a practical exposure | 

_. control, largely as a result of its simplicity of application and the visual com 

’ prehension afforded by the graphic presentations. Perhaps the weakest part of the 

"" analysis is the uncertainties in the object brightness model, which is currently 

undergoing further revisions. The adequacy of this graphic analysis is well within 
. ‘the limitations of the brightness model and the mechanics of. the exposure control 
- . . system proper. The XPAN program end analytical technique is adaptable to virtually 


effortless revision as improvements are achieved in the model and/or the hardware. 
The technique is equally applicable to any application, ‘ranging from single fixed 


oe slit to an infinitely variable exposure control. 
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